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GENERAL 
INTRODUCTION 
\ 
A. PESTICIDES 
A substance or mixture of substances indented for preventing, 
destroying or controlling the pest is called pesticide. Chemical 
pesticides used on large scale in agriculture may be categorized into 
namely insecticides, herbicides and fungicides. Insecticide is used to 
control insect pest such as Caterpillar that feed on crops and reduces 
yield. Herbicides control the growth of weeds that compete with crops 
for space, light and nutrients. Fungicides kill fungal disease that can 
cause toxicity in food. 
Pesticides are broadly classified into following two categories. 
a. Chemical Pesticide b. Biopesticide 
(a) CHEMICAL PESTICIDE 
It is further divided into following types on the basis of their 
chemical constituent and mode of action 
1. Organochlorine 
They are chlorinated hydrocarbon and common examples are 
DDT, BHC, Lindane, Endosulfan etc. They are not biodegradable and 
persist in the environment for a long period of time. They decompose 
very slowly hence accumulate in the environment and thereby 
accumulate through food chain in the body of fish, bird and other 
animal. These pesticides are soluble in the fats of animals. 
Examples: 
CH-
Cl— C-CI 
I 
CI 
D.D.T. 
.8=0 
Endosulfan 
2. Organophosphate 
These pesticides affect the nervous system by disrupting the 
enzyme that regulates acetylcholine, a neurotransmitter. Most 
organophosphate are insecticides. These includes Malathion, Parathion, 
Fenthion etc. They breakdown rapidly and usually are not persistent in 
the environment. 
Examples: 
Me-0. 
Me-O" f S-CH-C02E t CH2-C02Et 
E t - ( \ 
E t - C / 
P - O 
Malathion Parathion 
3. Carbamates 
These pesticides affect the system by disrupting an enzyme that 
regulates acetylcholine. The enzyme effect is usually reversible. These 
include Carbaryl, Carbonfurane, Baygon etc. They are relatively soluble 
in water and have reversible mode of action, less persistence, systemic 
nature and adequate potency against crop pests. Normally they don't 
accumulate in tissues and are rapidly excreted when ingested. 
Example: 
OCONHMe 
Carbaryl 
4. Carboxylic Acid Derivatives 
These include 2,4,5-T, Paraquat, Diquat, 2,4 D, Reglone etc. They 
are considered as a potent source of environmental hazards, especially 
when their degradation products remain active in the environment after 
desired purpose is over. They are used as herbicides both on 
agricultural land and in eradicating weeds in nonproductive area such a 
roadsides. In the aquatic environment, the anaerobic microorganism 
that often predominate are not always effective in degrading these 
compound. 
Examples: 
CI 
[—0—CH2-
0 
II 
- C - O H 
cr ^ ^ 
2,4 D 
// v// \ 
N^ N 
I 1 
C H 2 C H 2 
Diquat 
2 Br" 
H3CN — NCH3 
2+ 
2CI 
Paraquat 
Triazines 
They are derived from urea. It includes Simazine and Triazines. 
They are used in large quantities as a pre-emergent herbicide in 
cornfield. There is a considerable persistence of the resulting products. 
In aerobic aqueous system, including moist substitution of hydroxyl 
group for the chlorine atom precedes ring cleavage and complete 
degradation. 
Example: KI 
EtHN- ^ 
N 
NHEt 
N 
CI 
Simazine 
6. Pyrethroid 
They are synthetic derivatives of pyrethrin. This is obtained from 
plant Chrysanthemums. They are very stable in sunlight. Some 
synthetic pyrethroids are toxic to the nervous system. 
Example: 
CN O 
i II 
C H - 0 - C - C H - C H - C H = C C l 2 y 
Pyrethrin 
(b) BIOPESTICIDES 
Biopesticides are certain types of pesticides derived from natural 
materials such as animal, plants, bacteria and certain minerals e.g. 
Canola Oil and baking soda. 
The limonoids present in Neem tree and its products have made 
it useful insecticide, bactericide, fungicide, etc. Neem crudes such a its 
Kernell crush and oil which are the potential source of bio-active can be 
formulated as ready to use dust and water dispersible powder and 
emulsifiable concentrate repetitively. 
ENVIRONMENAL EFFECTS OF PESTICIDE USE 
Pesticides cause problems because they are highly toxic to other 
life as well as the pests. Unconsumed pesticides enter into the 
environment through various ways. It includes inaccuracy in 
application and drift from the target site when spraying on crops; 
residues in crops after harvest; run-off and leaching in wet weather. 
Accidental spills can have very significant local effects and waste 
disposal also poses a problem. The persistence of synthetic pesticides 
leads to long-term contamination, and huge amounts accumulate in the 
environment, in sediments, soils, water and in fatty tissues of 
organisms. 
Non-target species 
Pesticides are toxic to organism generally. The non-specific effects 
on wildlife can be direct or indirect and usually refer to the broad-
spectrum pesticides that affect other organisms in the target area than 
the pest. This means farmland wildlife is also affected by pesticide 
applications, and beneficial organisms such as predators of pests can be 
killed as well. The most significant effects within the agro-ecosystem are 
on pest predators, pollinators, and soil biota. 
Bioaccumulation 
Bioaccumulation occurs when persistent pesticides are taken up 
by animal and retained with in them in fatty tissues. These chemicals 
remain in the organism causing it damage. DDT is an excellent example 
of a once widely used pesticide that has this effect. When predators 
feeds on contaminated pray, they take in these accumulated chemicals 
in large quantities and they then build up to toxic levels higher up in 
the food chain. 
Water 
Run-off agricultural land leads to pollution of groundwater and 
watercourses, many pesticides have had huge effects on aquatic 
life/fish, and contamination of water courses means the effects spread 
out a long distance from where the chemical was applied. 
Human Health 
Pesticides have a toxic impact on humans as well as other 
organisms. Pesticide poisoning occur where agricultural workers apply 
the chemicals to the land without taking protective measures to avoid 
contact with them. Accumulation also occurs through up-take from the 
environment residues in crops and fish. Humans are also exposed to 
pesticides from sources other than agriculture, especially domestic use. 
Degradation of Pesticides 
Pesticide degradation, or the breakdown of pesticides, is usually 
beneficial. During degradation, the pesticides changes into inactive, less 
toxic, and harmless compounds. However, degradation is detrimental 
when a pesticide is destroyed before the target pest has been controlled. 
Three general types of pesticide degradation are microbial, chemical, 
and photodegradation. 
Microbial degradation is the breakdown of pesticides by fungi, 
bacteria, and other microorganisms that use pesticide as a food source. 
Most microbial degradation of pesticides occurs in the soil. Soil 
conditions such as moisture, temperature, aeration, pH, and the amount 
of organic matter affect the rate of microbial degradation because of 
their direct influence on microbial growth and activity. 
The frequency of pesticide applications can also influence 
microbial degradation. Rapid microbial degradation is more likely 
when the same pesticide is used repeatedly in a field. Repeated 
applications can actually stimulate the buildup of organisms effective in 
degrading the chemical. As the population of these organisnis increases, 
degradation accelerates and the amount of pesticide available to control 
the pest is reduced. 
Chemical degradation is the breakdown of pesticides by 
processes that do not involve living organisms. Temperature, moisture, 
pH, and adsorption, in addition to the chemical and physical properties 
of the pesticide, determine which chemical reaction would take place 
and how quickly they occur. Because of lack of light, heat and oxygen in 
the water saturated layers of the soil profile below the surface, chemical 
breakdown is generally much slower than at the surface. 
One of the most common pesticide degradation reactions is 
hydrolysis, a breakdown process where the pesticide reacts with water. 
Depending on the pesticide, they may occur in both acid and alkaline 
conditions. Many organophosphate and carbamate insecticides are 
particularly susceptible to hydrolysis under alkaline conditions. Some 
are actually broken down within a matter of hours when mixed with 
alkaline water. 
Photodegradation is the breakdown of pesticides by light, 
particularly sunlight. Photodegradation can destroy pesticides on 
foliage, on the soil surface, and even in the air. Factors that influence 
pesticide photodegradation include the intensity of the sunlight, 
properties of the application site, the application method, and the 
properties of the pesticide. 
B. D.C POLAROGRAPHY AND DIFFERENTIAL PULSE 
POLAROGRAPHY 
Modern electrochemical and analytical methods^-^ provide 
powerful technique to investigate the behaviour of metal ions, metal 
complexes, organic and naturally occurring compounds. 
Electrochemical studies not only provide mechanistic information of the 
fundamental interest but also give an insight into the chemical aspect of 
the redox behaviour of such compounds. 
Voltammetry deals with the measurement of current with respect 
to the applied potential. Polarography is one of the most widely used 
voltammetric techniques introduced by J. Heyrovsky in 1922. 
Polarography involves the study of current voltage relationship at 
dropping mercury electrode under control reaction conditions. This 
technique is exhaustively employed to study the qualitative and 
quantitative aspects of substances capable of undergoing cathodic 
reduction or anodic oxidation. Polarography has become the vital tools 
for studying the electrochemical reactions. This technique can be 
utilized for-
(i) The generation of free radical 
(ii) Evaluation of the effect of ligand on the redox potential of 
the central metal ion, its mono nuclear and multi nuclear 
systems 
(iii) Modern enzymatic catalysis 
(iv) Introduction of functional groups to mask particular 
reaction sites 
(v) Postulation of reaction mechanism 
The immediate object of the polarograhic measurement is the 
precise determination of current voltage curve for the analyte electrode, 
various features of this curve can, in turn be related to the concentration 
of electroactive species, the number of electron involved in the electrode 
reaction, the kinetics of electrode reactions, the stability of a metal ion 
complex and several other information. 
Polarography^-^° consists of electrolysing a solution of an electro-
active substance between dropping mercury electrode and saturated 
calomel electrode. Dropping mercury electrode (DME) consists of a 
glass capillary attached to a mercury reservior. The capillary electrode 
is normally 8 cm long, 5-6 mm thick tube fitted with an inner bore of 
0.05 to 0.1 mm, from which the drop of mercury is released. The drop 
time is usually 2 to 6 seconds and is height dependent^-". DME is used 
as an indictor or microelectrode and functions as a cathode. However, 
the second electrode is a saturated calomel electrode, which behaves as 
reference electrode. This works as an anode in the polarography. 
Generally, the area of reference electrode is quite high and so is non-
polarizable. The saturated calomel electrode is connected to the 
polarographic cell through a salt bridge and its potential remains 
constant throughout. A platinum electrode is used as counter electrode. 
As the potential is applied between the electrodes, a stepwise 
increase in current is observed. Initially a small constant current (known 
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as residual current) flows until the decomposition potential of reducible 
ionic species is reached leading to the underlying chemical reaction: 
M"^  + ne- M(Hg) 
And then a steep rise in current is observed and continue to rise 
with increasing the potential and reaches to a maximum value when the 
concentration of the ions at the electrode surface approaching zero. 
Now, the current will no longer increase with the applied potential but 
approaches a steady and limiting value. The particle reduced at 
mercury surface diffuse away from the surface either by forming 
amalgam with mercury or reduced species does not form amalgam and 
simply diffuse back into the bulk solution. A typical polarogram is: 
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The concentration of electroactive material for polarographic 
analysis is kept in the order of 10-2 to 10-5 mol dm-'. Supporting 
electrolytes are required to decrease the resistance of the solution and to 
ensure that electroactive species move by only diffusion and not by 
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electrical migration in the voltage field across the cell. The supporting 
electrolytes may be strong acid (HCl, H2SO4), strong bases (NaOH, 
KOH) or the neutral salts (NaCI, KCl, NaC104, ets). The buffer solution 
may also acts as supporting electrolyte but its concentration must be in 
between 0.10 to 1.0 mol dm-^  and should be at least 10 folds excess over 
the concentrations of the analyte species under investigation. For a 
polarogram w^hose supporting electrolyte is HCl, the potential range is 
given by the reaction 
2H^ + 2e- • H2 
2Hg + 2 CI- • Hg2Cl2 + 2e-
In a given potential range a small residual current also flows due 
to the charging of surface. For instance, the application of a positive 
charge at the mercury electrode causes migration of anions of 
supporting electrolyte towards the electrode surface causing the flow of 
residual current. Traces of impurities in solution or in the mercury may 
also contribute to the residual current. 
Oxygen is electrochemically reducible and provides a large 
reduction potential thereby interfering in polarographic analysis. 
Oxygen is reduced in two ways 
I. Two electron reduction of oxygen to hydrogen peroxide 
O2 + 2H^ + 2e- • H2O2 
II. Then again two electron reduction of hydrogen peroxide to 
the water 
H2O2 + 2H^ +2e- • 2H2O 
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Thus O2 gives two polarographic waves. The first wave may be 
due the formation of H202at -0.1 V while the second wave is attributed 
the liberation of H2O at -0.9 V. The two waves are of approximately 
equal height, extend over a considerable potential range and are pH 
dependant. 
It is therefore common practice to remove the dissolved oxygen 
form the electrolytic solution by bubbling inert gas like nitrogen or 
helium for about 10-20 minutes and the process is coined as purging. 
In polarographic studies the measured current at any potential 
may be due to the following factors 
(i) charging current (ii) migration current (iii) diffusion 
current (iv) adsorption current (v) kinetic current (vi) catalytic 
current 
Although, it is not necessary that all the above factors are 
operative collectively but by proper adjustment of potential, many of 
these factors can be overcome and the observed current can be 
interpreted. 
(i) Charging or Condenser Current 
It is observed when a small current flows through a solution of 
pure electrolyte like KCl in a polarographic cell over a potential range 
where potassium or chloride ions are not electrolysed. This happen 
even when all the possible impurities are excluded. The current appears 
to increase linearly with applied potential. The current is non-faradic 
and is known as charging or condenser current. However, in case of 
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polargraphic measurements it is commonly designated as residual 
current. 
When an electric potential is applied to the mercury electrode, 
which is immersed in a solution of supporting electrode, it becomes 
polarized and thus develops a back potential, whose sign is opposite to 
the applied potential. For charging the electrode to this potential, a 
charge has to be supplied to it, resulting in the formation of an electrical 
double layer at the electrode solution-interface. Consequently a small 
current flows for charging the electrode. The double layers consist of a 
layer of charged ions on the electrode surface and a second layer of 
oppositely charged ion in the immediate vicinity. 
With stationary electrode, the double layer once formed remains 
stable. The charging current, therefore remain negligible. The situation 
is different with a DME. As the fully formed drop of mercury falls the 
associated double layer is also removed and a fresh double layer is 
formed around the new drop. Each drop must, therefore, be charged to 
the required potential; thus continuous passages of the charging current 
make it appreciable. 
The Eletrocapillary curve of mercury can be represented by a 
curve relating the potential of mercury electrode and the interfacial 
tension at the mercury solution interface. The drop time of a DME is 
proportional to the interfacial tension. 
Initially, when the applied potential is zero, the mercury 
electrode had the same potential as that of the calomel reference 
electrode. Since the potential of the calomel electrode is positive (w.r.t. 
Normal hydrogen electrode), the interfacial tension tends to be low due 
to the impressed positive charge. On applying increasingly negative 
potential (cathodic polarization) the positive charge on the mercury 
decreases and consequently, the interfacial tension (drop time) increases 
until it reaches to a maximum value when the mercury is devoid of any 
charge. This is known the electrocapillary maximum or electrocapillary 
zero. It is found to occur at -0.6 Volt Vs SCE in 1 mol dm-3 KCl. The 
potential varies with the concentration and nature of the electrolyte 
solution. The drop time decreases again when higher negative 
potentials are applied to the DME beyond its electocapillary maximum. 
Some deformable anions cause a change in the shape of the positive 
part of the curve and shift the electrocapillary maximum to move 
negative potential. The tetraalkylammonium ions deform the negative 
part of the curve and shift the maximum to positive side. At the 
potential of electrocapillary maximum, the mercury drop of the DME 
assumes no charge; there would be no tendency for the cations and 
anions to collect preferentially around the DME. 
This is the state of no current flow and charging current becomes 
zero. At applied potential, which is less negative than electrocapillary 
zero, the mercury drop contains a positive charge and chloride (CI-) 
ions are preferentially adsorbed on the drop. Thus, for forming the 
electrical double layer, a flow of current occurs in which electron flow 
from DME to SCE in the external circuit (Anodic current). At a more 
negative applied potential than the electrocapillary zero, the mercury 
drop assumes a negative charge resulting in a preferential adsorption of 
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potassium (K"^ ) cations. The net current flow is then in the opposite 
direction (cathodic current). 
The residual current as observed in polarographic measurements 
should be identical to charging current. Usually the magnitude of 
residual current is larger than theoretical charging current due to 
presence of traces impurities and dissolved O2. 
In a modern polarograph the residual current is compensated by 
passing a current of equal magnitude in opposite direction. 
(ii) Migration Current 
In a polarographic cell an electro reducible or oxidizable ion in a 
solution can reach the DME by two processes via diffusion and 
migration. The diffusion results from a difference in the concentration 
of particular ion between the bulk of the solution and electrode surface. 
Migration is caused by the electrostatic attraction between the electrode 
and the oppositely charges ions. The migration current is also 
depending upon the transport number of the ion. 
The migration current causes complication in study of the 
electrode reaction. The effect of migration current is overcome by 
adding a large excess of an indifferent electrolyte to the solution. The 
indifferent electrolyte (supporting electrolyte) is so chosen that it 
conducts the current but does not react with electroactive species. The 
ions of the supporting electrolyte should neither be oxidized nor 
reduced in the experimental potential range. Thus, the ions of the 
supporting electrolytes contribute to the conductance but not to the 
17 
current. Since the supporting electrolyte is added in large excess, while 
the concentration of electroactive species is small, a condition is so 
created that the contribution of transport number of the electroactive 
ions is reduced to negligible amounts and their migration reaches an 
almost zero level. The polarographic limiting current obtained under 
thest? conditions is due to entirely by the diffusion process. 
Experimentally, it has been found that during the reduction of a 
cation, the migration current increases the magnitude of the limiting 
current while the limiting current is decreased during the reduction of 
an anion. This can be explained on the assumption that the total 
limiting current is the algebraic sum of the diffusion and migration 
current 
Ii (cationic reduction) = Id + Im 
Ii (anionic reduction) =Id - Im 
Where, Ii, Id and Im are limiting, diffusion and migration current 
respectively. During the reduction process the cations would migrate 
towards the cathode due to electrostatic attraction. Thus, the movement 
adds to the limiting current. On the other hand, the anions move away 
from the cathode due to electrostatic repulsion and the migration 
operates in opposition to diffusion. The limiting current is lower In this 
case. The relation between limiting and diffusion currents expressed by 
the following relations: 
Id/ Ii (cation reduction) = l-T"" 
Id/Ii (anionic reduction) = 1+T-
Where, 
Id = diffusion current obtain in the preserve of large excess of 
supporting electrolyte. 
Ii = limiting current observed in absence of any supporting electrolyte. 
T"" & T- are transport number of cation and anion respectively. 
(Ill) Diffusion Current 
The limiting current obtained during polargraphic analysis can be 
regarded as the sum of the diffusion current and migration current. The 
migration current effect can be eliminated by adding excess supporting 
electrolyte in the bulk solution. 
Since the diffusion current is proportional to the rate of diffusion. 
This current decreases vvith time. 
Ilkovic Equation: 
The equation relating the current to the concentration, by using 
DME as the polarizable electrode was given by Ilkovic.^-s Ilkovic used 
the Pick's law for the special case of an expanding spherical electrode. 
The fundamental differential equation, which describes linear 
diffusion towards a stationary flat electrode is-
ac/at = Da2c/ax2 (i) 
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Where C is the concentration of the solution, t is the time; D is the 
diffusion coefficient of the species ad X is the distance from the surface 
of the stationary electrode. This is also known as Pick's second law. 
However, with DME the drop does not remain stationary but 
expands with time during the life of a drop. The expression for Pick's 
law in the case of DME is obtained in the following form: 
a c / a = D a2c/<9X2 + 2/3. x/t. ac/ax (2) 
By putting the necessary boundary condition-
,dx) 
C -C 
(3) 
,.0 4{^nntD) 
Where Co is the concentration of the depolarizer at the electrode 
surface and (aC/5X)x=o is concentration gradient at the electrode 
surface. On substituting the relation for current, the expression for 
gradient at the surface of a stationary electrode is taken from the Pick's 
first law of diffusion. 
/ = n F D q (aC/aX)x=o (4) 
Where n is the number of electron involved in the process. F is 
the Faraday constant and q = area of electrode. On putting the value of 
(aC/aX)x=o,the equation (4) becomes 
/ = nFDqC-Co/V(3 /7 j i tD) (5) 
Surface area for DME, q = 0.85m2/3 ti2/3 
m = flow rate of mercury (in mg/s) 
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t = Drop time (s) 
C and Co are expressed in milimole/litre. 
Now 
i = 0.732 n F (C-Co) DV2 m2/^  tiV6 (6) 
On substituting concentration in milimoles/litre, current in 
microamperes and F 96,500 coulombs/mole, then the above expression 
takes the form: 
i = 706 n DV2 m2/3 tV6 (C-Co) (7) 
The Ilkovic equation in this form expresses the magnitude of the 
current at all the potential values of the polarogram. When the limiting 
current is reached, the concentration of the depolarizer become zero at 
the electrode and thus Co=0. The instantaneous current becomes 
independent of further increased in potential. 
'1 = 706 n C DV2 m2/3 tV6 (8) 
The equation in the above form expresses the current for each 
growing drop. With the increase in drop, the current increases with 
time from zero to a maximum value just before the fall of the drop. The 
corresponding relation is known on i-ti curve which follows the relation 
i=ktV6. The curve for growing DME is a parabola with an exponent of 
1/6 on t. 
The average current is given by the expression: 
21 
Oi-rofii' 
* n 
(9) 
Where t is the drop time of the electrode. By using eq (8) 
l / 2 ^ „ 2/3 ( 706 nP'" Cm 
I 
I Cdt, (10) 
iaverage = 607 n DV2 C mV^ tV6 
If the maximum current is used for measurements, the equation takes 
the form; 
/ max = 706 n DV2 C m2/3 tV6 (11) 
Equations (10) and (11) are usual form of Ilkovic Equation. Since the 
current is mainly controlled by diffusion, therefore. 
id=KC (Where K=706 nDV2 m2/^  tV6) 
The diffusion current is proportional to the concentration of 
depolarizer and square root of the height of the mercury column. 
Id 
Id 
Id 
C .1/2 
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The Ilkovic equation was derived on the assumption that the 
electron transfer process occurring at the DME was sufficiently fast so 
that an equilibrium existed at the electrode surface between the 
oxidised and reduced from of depolarizer. Such a process is normally 
termed as electrochemically reversible. If on the other hand, the electron 
transfer process is slow, then it is termed as irreversible process. 
(iv) Limiting current: 
Even under ideal conditions the current observed in a 
polarography is not due to diffusion of the depolarizer alone. It includes 
the contribution of charging current also. The true or 'corrected' 
diffusion current can only be computed after making necessary 
correction for the residual current. 
The correction for the residual current inay be made by any of the 
two methods. In the first method a current voltage curve is first 
recorded in the presence of supporting electrolyte alone (residual 
current). The values of the residual current at different potentials are 
subtracted algebraically from the corresponding values in the 
polarogram of the depolarizer. The resulting curve can be taken as the 
true or corrected current voltage curve of the depolarizer. 
The second method is based on graphical extrapolation. This is 
based on the assumption that the residual current increases linearly 
with increasing potential. In this method residual portion of wave is 
extrapolated forward (AC) and limiting portion is drawn backward 
(BD) the line passing from centre is FG giving half wave potential (E1/2). 
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(v) Kinetic Current 
Often, one comes across polarcgrams which have the appearance 
of a normal ciiffusion controlled curve but do not satisfy their 
requirements, e.g., such curves give limiting currents which are not 
proportional to square root of mercury pressure. Most likely such 
polarogram includes contribution of kinetic current. Kinetic current is 
observed when electroactive species is formed as a result of chemical 
reaction in the vicinity of the electrode. In such a case the kinetics of the 
reaction governs the nature of the polarographic wave. 
Ik 
Ik Ik 
C .1/2 
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(vi) Catalytic Currents 
Some times an unusually high current is observed in 
polarographic studies when trace of substance in added. The magnitude 
of current in such a cases is much larger than what one would expect 
during a normal electron-transfer process. Such a current is known as 
catalytic current and is caused by the presence of a substance in 
solution, which acts as a catalyst during the reduction, or oxidation of a 
depolarizer. 
(vii) Adsorption Current: 
While working with large organic molecules it has sometimes 
been observed that the polarographic current in governed by the 
surface area of the electrolyte. This results from the fact that many 
electroactive species or their products from the electrode reaction get 
adsorbed on the electrode surface. 
.1/2 
HALF WAVE POTENTIAL (E1/2) 
It is defined as potential at which the current is half of its limiting 
value. It is an important parameter and usually remains constant for an 
ion, group or molecule in particular medium. The E1/2 of a reversible 
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system should be independent of the concentration of the depolarizer. 
This will hold good only in the absence of complex forming or other 
interfering agents. If a depolarizer undergoes dissociation or 
protonation, a shift in E1/2 occur with change in pH of a medium. The 
magnitude of shift depends upon the number of electron involved in 
the electrode reaction and number of dissociable proton present in the 
molecule. The dissociation constant can also be obtained from the 
polarographic measurement of a reversible system at different pH 
values. 
If a polarographic wave appears reversible and the limiting 
current is controlled by diffusion process but E1/2 depends on the drop 
time of electrode and differ from the standard redox potential of the 
depolarizer. E1/2 varies with the change in the concentration of the 
depolarizer. 
Factors affecting the Half-wave Potential 
The temperature coefficient of the half wave potential in most 
often, between -2 to + 2mv/degree. For a reversible wave it may be 
either positive or negative; for an irreversible wave it is usually positive 
and may exceed several millivoltes per degree. 
The half-wave potential is almost always independent of the 
concentration of the electroactive species (i.e. of the diffusion current). 
The half-wave potential of a reversible wave varies with concentration 
if solid product is formed, or whenever the number of ions or molecules 
of the product of variable activity differs from the number of ions or 
molecules of reactant of variable activity. The Evjof an irreversible wave 
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may also vary with concentration of the reaction mechanism involves 
some rate-governing step that is not first or pseudofirst order. The half 
wave potential of a reversible wave is nearly independent of the 
capillary characteristics m and t. The half wave potential of a totally 
irreversible wave, however, varies significantly with t, becoming more 
positive for a cathodic wave as t increases. The magnitude of variation 
depends on aria and may be used for its evaluation. 
d Eyz/d log t= 0.02957/ ana 
Changes in the nature and concentration of the supporting 
electrolyte may affect the E1/2 in several ways. For revertible waves the 
most interesting effect is due to complex formation. Much information 
about the identities and dissociation constants of a reversibly reduced 
metal complex can be obtained from polarographic measurement. In the 
reversible reduction or oxidation of an organic compound it is the pH of 
the supporting every that is most important and for such process it is 
possible to obtain information concerning the occurrence and 
equilibrium constant of acid-base reaction involving the oxidized and 
reduced form of the couple. 
When a complex metal ion is reversibly reduced to a metal 
soluble in mercury, Its Ei/2 is always more negative than for the 
reversible reduction of the corresponding simple or aquocomplex ion. 
The difference is related to the free energy of dissociation of the 
complex. Complex formation also usually makes the E1/2 more negative 
when a metal ion is reduced to a lower oxidation state an when the 
product remain dissolved in the solution phase. However, the opposite 
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effect is occasionally observed and it signifies that the reduced complex 
is more stable than oxidized one. Because hydrogen ion is nearly always 
consumed in the reversible reduction of an organic compound, the half 
wave potential for such a process nearly always become more negative 
as the pH is increased, through it may remain constant over certain rang 
of pH values of the influence of prior or subsequent proton transfer 
reaction the equation is 
The Ei/2 for irreversible reduction of an organic compound may 
also be affected by a chemical reaction with the supporting electrolyte; 
for e.g. the £1/2 of most carbonyl compound altered by the addition of 
ammonia or hydroxylamine, which convert them into imines or oximes. 
Change in the concentration of the supporting electrolyte may affect the 
half-wave potential of an irreversible wave by altering the rate of the 
electron transfer step. These effects can often be used to elucidate the 
stoichiometry of the reaction through the rate determinating electron 
transfer step. On changing the salt concentration, which not only alters 
the concentration of charged species at the surface but also the potential 
difference between electrode and the surface and thus the rate of 
electron transfer. 
The effects of salt concentration on the half wave potential of 
reversible wave are due to mass transfer effects on compalexation 
equilibria, changes of the activity coefficient of the species involved in 
the half reaction and variation of the liquid function potential. 
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Differential Pulse Polarography: 
In classical polarography, the voltage is applied to the cell in a linear 
ramp through dme and the current is flowing in the cell is measured. This 
results in S-shaped current voltage curve. The practical lower 
concentration limit for ordinary polarography is usually about lO-s to 10-^  
mol dm-3. Differential pulse polarography was designed to overcome the 
charging current produced during potential pulse by arranging the 
charging current of smaller magnitude. A voltage ramp is applied to the 
electrode as in DC polarography and a small amplitude potential pulse at 
dropping mercury electrode is added to voltage towards the end of each 
drop's life. Two currents are measured, before applying the pulse, and, at 
the end of the pulse. When the difference between the two current samples 
is plotted as a function of the applied ramp voltage, a peak shaped i-E 
curve is produced. 
Roughly, DDP extends this lower limit of concentrations downward 
by a factor of about 1000 or so to about lO-^  m. This method provides a 
great improvement in the signal to noise ratio. Unlike Normal pulse 
polarography, however, each potential step has the same amplitude, and 
the return potential step after each pulse is slightly negative of the 
potential prior to the step. The potential-time waveform used in DP 
polarography can be presented as: 
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c 
c 
0. 
50-100 msec 
< > • 
1-2 sec 
Time (sec.) 
In this manner, the total waveform applied to the DME is very much 
like a combination of linear ramp with superimposed square wave. The DP 
polorogram is obtained by measuring the current immediately before the 
potential step, and then again just before the end of the drop lifetime. The 
analytical current in this case is the difference between the current at the 
end of the step and the current before the step (the differential current). 
This differential current is then plotted against the average potential 
coverage of the potential before the step potential) to obtain the differential 
pulse polarogram. Because this is a differential current, the poloragram in 
many respects is like the differential of the sigmoidal normal pulse 
polarogram. As a result, the differential pulse polarogram is peak shaped. 
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The additional current caused by the voltage pulse is the greatest in 
the region of greatest slope on a conventional D.C polarogram. Two factors 
are involved in the increased sensivity; first, the current which is sampled 
just before application of the pulse has only a very small capacitance 
component because it is measured late in the lifetime of the drop, second 
the desired faradic signal is enhanced. To be sure, application of a pulse 
cause surges in both capacitance and faradic current; i.e., current must 
flow to reestablish correspondence between the double layer at the 
electrode surface and the new potential and current must also flow 
provided potential applied > decomposition potential. 
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C SURFACTANT: 
Surfactants,^2-i9 some times called surface-active agents or 
detergents, are amphiphilic materials, which contain both polar, 
hydrophilic (lipophobic) head groups and apolar, hydrophobic 
(lipophilic) moiety connected to the head group. In solvents which have 
strong three-dimensional structure, e.g., water, hydrazine, 1,2 diols or 
sulfuric acid2o-24 etc., the amphiphile leads to self association or 
micellization at a concentration greater than critical micellar 
concentration. Micelles are assumed to be spherical at low surfactant 
concentrations but they grow up to rod like at high surfactant 
concentration. Micellaziation is a manifestation of a strong self-
association of water and similar solvents, in which the hydrophobic or 
solvophobic effect forces self association of apolar materials. It is 
dependent upon a balance of forces between hydrophobic and van-der 
waals interaction, which brings monomer together and repulsion 
between the polar or ionic head groups is offset by attraction of the 
counter ions to the micellar surface. The cmc decreases with increasing 
hydrophobicity of the apolar group and depends on the nature and 
concentration of counter ions in solution. Solution of dilute surfactants 
appears isotropic but in fact the dispersions of submicroscopic micellar 
pseudophase is distinct from aqueous pseudophase. The ionic 
interfacial region is highly anisotropic containing polar or ionic head 
groups and counterions. Additions of electrolytes decrease the cmc. The 
region in the vicinity of micellar surface is Stern layer and it is highly 
aqueous and contains a high concentration of ionic head groups and 
counterions. The surrounding region immediately after Stern layer is 
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Gouy-Chapman layer. The Gouy-Champman layer is defused region, 
where the distributions of remaining counter ions are governed by their 
non-specific electrostatic interactions with the micelles. 
Most of the organic pesticides are water insoluble and, therefore, 
association colloids and micelles find applications in the pesticide 
formulations. It possesses interfacial regions containing ionic or polar 
head groups and ionic and polar solutes may incorporate in this region. 
The surfactants are used (/) to increase the solubility of the pesticides in 
aqueous medium (ii) to stabilize the pesticide by controlling its 
evaporation or decomposition (iii) to enhance effectiveness of the 
pesticide by providing the fine spray (iv) to explore the mode of action 
of pesticide (redox behaviour in biomacromolecular ensembles e.g. 
enzyme). 
A surfactant, in general can be ionic or nonionic depending on 
whether it ionizes in water or not. The hydrophobic group is usually a 
long chain hydrocarbon residue, and less often a halogenated or 
oxygenated hydrocarbon or siloxane chain; and the hydrophilic group 
is an ionic or highly polar group. Depending upon the nature of the 
hydrophilic group, the surfactants may be further classified as (i) 
Cationic (ii) Anionic (iii) Zwitterionic and (iv) Nonionic 
i. Cationic - the surface-active portion bears a positive charge, e.g., 
Cetyltrimethylammonium Bromide (CTAB), 
GH3(CH2)i5N'(CH3)3Br" 
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Phenothiazine hydrochlorides 
C6H4(S)(NR)C6H3R* 
ii. Anionic- The surface-active portion of the molecule bears a 
negative charge, e.g.. Soap, RCOO'Na^, 
Sodium dodecyl Sulfate (SDS),CH3(CH2)iiOS03'Na^ 
Sodium perfluoroctanoata, CF3(CF2)6COO'Na 
iii. Zwitterionic- both positive and negative charges may be present 
in the surface-active portion e.g., N - dodecylaminobenzyl 
phosphoric acid, 
CH3(CH2)iiN^H2CH(C6H5CH2)P02'H 
Amidoalkyl betaine, 
CH3 O 
CnH2n.i~NCH2CH2-N^CH2CH2CH2C 0 
iv. Nonionic - the surface-active portion bears no apparent ionic 
charge, 
e.g., Ni N- dimethyldodeclamine oxide, 
C H 3 ( C H 2 ) 1 1 N| ( C H 3 ) 2 
Y 0 
polyethylene glycol (t) - Octylphenyl ether (TX - 100), 
(CH3)3CCH2C(CH2) <^QV-0(CH2CH20)9.5H 
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When surfactant molecules are dissolved in water above a 
certain concentrations they segregate their hydrophobic portion from 
water, by associating into a variety of aggregate structures. 25-30 j ^ 
aqueous solution, the aggregation of amphiphilic molecules is largely 
due to hydrophobic interaction between the oleophilic parts of the 
molecules. As a consequence, there is a substantial free-energy change 
involved in the process of micellizaton which in due to the transfer of 
the oleophilic alkyl-chain part of the surfactant from an aqueous to a 
quasi-hydrocarbon environment. Aggregation of amphiphiles into 
micelles has been treated either as a stepwise association phenomenon 
or as a phase transition process. ^^--^^ The process of micellizaiton is 
generally explained in terms of hydrophobic interaction between water 
and the surfactant. The formation of micelles in water is also believed to 
take place by association of the hydrophobic parts of the surfactant 
molecules and the repulsion of the water molecules from their 
immediate environment. The overall process of micellizaion involves a 
decrease in the free energy of system. For aqueous solution it is 
generally regarded as an entropy-directed process. 
In polar solvents such as water, monomers assemble to form a 
micelle in such as way that their hydrophobic tails huddle in the core of 
the micelle, and the polar head groups project outward into the polar 
bulk solution and locate at the micelle-water interface such that the 
hydrophobic tails are shielded from water. The charged head groups 
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and the relatively small counter ions of the ionic micelle are located in a 
compact Stern layer, which extends from the core to within a few A^  of 
the shear surface of the micelle. The compactness of the Stem layer is 
responsible for the reduction of the net charge on the micelle. Most of 
the counter ions are however, located outside the shear surface in the 
Gouy-Champan electrical double layer where they are completely 
dissociated from the charged aggregate and are able to exchange with 
ions in the bulk of the solution. 
The amount of free counter ions in the bulk solvent is expressed 
as the fraction of charge. The affinity of the micelle for the counter ion is 
entropy controlled, ^^  however entropy might not be the dominant 
factor for all counter ions. The properties of the Stern layer are of key 
importance to the electrochemical behaviour of the substrate. 
The kinds of interaction occurring in the formation of micelles in 
polar solvents other than water is called solvophobic. Aggregation of 
surfactant also form micelles, in apolar solvents. In such cases head 
groups of surfactant molecules locate inside to form a polar core and 
hydrocarbon tails are directed towards the bulk solvent, to form the 
outside shell of the micelles. These are called reversed or inverted 
micelles. If there is any water in the medium, it will be entrapped in the 
core. This surfactant-solubilized water is often referred to a water pool. 
The reverse micelles are sometimes called as microemulsions. They are 
able to solubilize relatively large amount of water in their cores and this 
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enables them to solubilize water-soluble substances in non-polar 
solvents. 
An enhanced dissolution of otherwise slightly soluble organic in 
aqueous solution is brought about by the presence of surfactant micelles 
in the system. These micelles form a thermodynamically stable isotropic 
solution of a substrate (the solubilizate) normally insoluble in a given 
solvent. These properties of surfactants have been utilized in several 
fields to enhance the solubility of organic compound.^ -^ -^ 5 
Solubilization into aqueous media is of major practical 
importance in such areas as the formulation of products containing 
water-insoluble ingredients e.g. pesticides; pharmaceuticals etc to 
replace the use of organic solvents or cosolvents by surfactants. 
Soubilizaiton into non-aqueous media is of major importance in dry 
cleaning. 
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D. LITRATURE SURVEY: 
Garcia et aP^. have reported a polarographic study of the 
organochlorine pesticides, dieldrin, endosulfan and endosulfan sulphate in 
micellar solution. The best analytical signal to noise ratio was found in a 
mixture of Hyamine 2389 and Triton X-405 at pH-6. The pesticides were 
determined in micellar solution by differential pulse polarograpy using 
pulse amplitude, (AE) of -50mV, over the range 1.0 x 10-^  - 10.0 x 10-^  mol 
dm-3. Simultaneous analysis of binary mixture of these pesticides were 
based on hydrolysis of endosulfan and endosulfan sulphate in basic 
medium. 
Reviejo et aP7. studied the hydrolysis of endosulfan and 
edosulfan sulphate in emulsified medium formed with Ethyl acetate and a 
mixture of two surfactants Hyamine 2389 and Triton X 405 by DPP. During 
Experiment they found that the rate of hydrolysis is pH dependent. At pH 
9.0 endosulfan in slowly hydrolysed while endosulfan sulphate is 
practically unhydrolysed. At pH 10, the endosulfan hydrolysis rate is only 
slightly higher as compared to the rate of hydrolysis at pH 9.The 
hydrolysis rate of endosulfan sulphate was very slowly at pH 10. At pH 12 
endosulfan is hydrolysed completely. 
Galvez et aP^. have reported a polarographic study of the reduction 
of herbicide; Simazine, in solution of anionic surfactant, sodium pentane 
sulphonate. In this case two reduction peaks were observed in differential 
pulse polarography below pH-2, whereas only one peak was obtained 
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above pH-2. D.P. polarogram of Simazine in oil in water emulsion showed 
only one peak even at pH less than 2.0, suggesting that the pesticide 
hydrolysis was hindered in the emulsified medium. The limiting current 
was diffusion controlled and electrode process was irreversible. The 
diffusion coefficient of simazine in emulsified medium is 8.85 x lO-^  cm^ s-^  
and ana and kP were 0.82 and 8.03 x lO-^ ^ cn\ s-i respectively. Simazine was 
determined in irrigation water over the concentration range 8.0 x 10-^  - 4.0 
X lO-^ mol dm-3. 
Zuman et aP^. reported the electrochemical reduction of Metamitron 
at dropping mercury electrode. Metamitron is a herbicide which is 
reduced electrochemically in two steps, each step is two electron 
reduction. Reduction in the first step involves the protonated form of 1, 6-
azomethine bond, while the second step involves the protonated form of 
the 2, 3-azomethine bond. The 1, 6 bond is reduced at more positive 
potential than 2, 3 bond. Over the whole pH range, the potential of the first 
wave of metamitron is identical to that at which 2, 3-dihydrometamitron is 
reduced. Reduction of both azomethine bonds is accompanied by acid-
base and hydrolysis-dehydration equlibria. 
Zuman et al^ o. described the electrochemical reduction of S-Triazine 
and Diazine at dropping mercury electrode. The studies were performed 
in the acidity range 2.25 M H2SO4. He found that the presence of solid and 
colloidal particle affected the value of limiting current. In both D.C. and 
D.P. polarography two reduction waves were observed. The overall 
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process corresponds to a two-electron irreversible reduction. For the first 
wave, the proposed mechanism consists of the 2e reduction of the reactant 
protonated in the heterocyclic N3 with reversible electron transfer. At pH 
lower than the protonation pK, the protonation reaction takes place prior 
to the reduction. At high pH value dissociation of amino group caused the 
disappearance of wave. 
Shreedhar et al^ .^ studied the electrochemical reduction of dinobuton 
by employing electrochemical techniques. Polarographic and voltammetric 
studies of dinobuton showed that it is reduced in two steps (each 
involving 6e-) in acid medium and in two step (each involving 4e-) in basic 
medium. In acid medium, the first reduction wave is due to protonation of 
the nitro group at position 4 to nitroso group. The subsequent reduction of 
the nitroso group to an amine group occur through the formation of a 
hydroxylamine group. The second wave is consists of a similar sequence of 
steps, although involving the nitro group at position 6. Similar 
consideration could make for a basic medium, except that the only 
difference is that hydroxylamine is end product in basic medium. The 
dependence of E1/2 on pH shows that the protons are involved in the rate 
determinating electron transfer step. 
Castanho et al42. used differential pulse polarographic technique for 
the determination of organophosphorous insecticide in soil sample. The 
voltammetric and polarographic studies of methyl parathion as a function 
of pH showed two different reduction processes: one pH dependent at 
lower pH range 1-5 and another pH independent for pH value higher than 
40 
5. It was found that two peaks were observed between pH 1-5, whose peak 
current decreased and potential increased in the cathodic direction as the 
pH increased. These two peaks disappeared at pH more than 5 and an 
another peak appeared which was independent of pH. The electrochemical 
procedure was applied for the determination of sorption isotherms of 
methyl-parathion on soil at different pH and diverse amount of clay and 
organic matter. The experimental data were treated using the Freundlich 
isotherm model and the Freundlich coefficient was obtained for each soil 
varied. 
Malik et al. ^ 3 studied the polarographic and voltammetric reduction 
of several benzylsulphonyl pyrazolines in aqueous & micellar media. The 
reduction was found to occur at exocylic hydrazono group. He studied the 
effect of surfactants, ionic strength, cations and anions and solvent 
composition on its reduction behaviour. The effect of substituents has been 
evaluated and a tentative mechanism for the reduction of hydrazono 
group in micellar medium was proposed. In the pH range 7.0-12.0, all the 
pyrazolins reduces to give a single reduction wave. The E1/2 of the wave 
was pH dependent and shifted to more negative potentials with increasing 
pH. 
Manisankar et al44. studied the electroactive nature of two pesticides, 
Isoproturon and Carbendazim by employing cyclic voltammetric 
technique. Cyclic voltammograms of isoproturon and carbendazim were 
recorded using unmodified and polypyrrole modified glassy carbon 
electrode in acid, neutral and basic medium. Oxidation of pesticides was 
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pH dependent. Isoproturon oxidized to 4-isopropIyaniline, which 
undergone to polymerize and increase the conductivity of electrode 
surface and reactivity of isoproturon, while carbendazim was adsorbed on 
the surface and was oxidized to a dimmer. 
Manisankar et al^ s. reported the redox behaviour of Isoproturon and 
carbendazim using sodium montmorillonite clay-modified glassy carbon 
electrode in the presence and absence of a surfactant CTAB. The surfactant 
had only little effect on the electrochemical properties of isoproturon but 
pronounced effect with carbendazim. The authors concluded that the 
differential pulse stripping voltammetric measurements were efficient in 
the determination of isoproturon and carbendazim. 
Rafiquee et al^ .^ reported the polarographic study of parathion in 
micellar media. It was found that D.C polarography of parathion showed 
two peaks between pH 3-10. The second peak does not appear in highly 
alkaline medium due to the stable nature of hydroxylamine under highly 
alkaline media. Two peaks were appeared between pH 3-10 in the 
presence of anionic surfactant (SDS) as well as in nonionic surfactant 
(Triton X-100). It was found that the value of E1/2 increases with increasing 
concentration of SDS .The E1/2 decreased with increasing the concentration 
of Triton X-100. The second peak did not appear in the presence of cationic 
surfactant (CTAB). The value of E1/2 was increased slightly with 
increasing the concentration of CTAB. 
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E. Statement of the Problem 
Endosulfan is a common cyclodiene organochlorine, insecticide and 
acaricide, and acts as a contact poison in a wide variety of insects and 
mites. Endosulfan is effective against a wide range of insects. The toxicity 
of organochlorine pesticides and their bioaccomulative ability are well 
known. The commercial sample of endosulfan is a mixture of two different 
forms of alpha and beta endosulfan. Its colour is cream to brown and 
smells like turpentine. Endosulfan has a moderate potential for 
bioaccumulations. It is broken down much faster than the other 
organocholiness, and leaves body fairly quickly. Despite its rapid 
degradation in water, endosulfan can persist for a relatively long period 
when bound to soil particles. 
Electroanalytical technique especially polarography has been proved 
to be highly versatile analytical technique for the detection and 
determination of pesticides and their residue products in foodstuff, water, 
and soils. Endosulfan undergoes two-electron reduction in both acidic and 
basic conditions. But in alkaline medium endosulfan hydrolyse to give 
endosulfandiol. Endosulfandiol is also electroactive in nature and reduces 
at higher potential than endosulfan. Owing to the poor solubility of 
endosulfan in water a mixture of alcohol-water was chosen as medium to 
study the reduction behaviour of endosulfan. The effect of surfactants on 
the reduction behaviour of endosulfan was also studied, as surfactants are 
amphilphile material containing both apolar hydrophobic and polar or 
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ionic hydrophilic groups. Surfactants help pesticides in solubilization and 
stabilization of hardly soluble organic pesticides in aqueous media and 
therefore, helpful in minimizing some problems associated with 
electroanalysis in organic solvents. The influence of pH, surfactants, and 
alcohol on the reduction properties of endosulfan at DME has been studied 
and presented in this dissertation. 
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EXPERIMENTAL 
/ \ 
A. Discussion and Results 
Apparatus 
Polarograph (Elico, CL-362)/ dropping mercury electrode, 
Platinum electrode and Calomel electrode (KCl saturated), and pH 
meter (Elico Ll-120, Hydrabad, India) were used. 
Chemicals 
Endosulfan (Commercial sample, Jai Shree Agro India, Ltd.), 
hydrochloric acid (Qualigens), potassium nitrate (CDH, India), criton x-
100 (CDH, India), sodium lauryl sulphate and cetyltrimethylammonium 
bromide (CDH, India) and methanol (Ranbaxy) were used as supplied. 
All other chemicals used were of analytical grade. 
Preparation of Solutions 
Stock solution of endosulfan (0.01 mol dm-^) was prepared in 
methanol. Solutions of potassium nitrate (1 mol dm-^), hydrochloric 
acid (0.1 mol dm-^), criton x-100 (0.1 mol dm-^), 
cetyltrimethyammonium bromide (CTAB) and sodium lauryl sulphate, 
(0.1 mol dm-3) were prepared in doubly distilled water. 
Procedure 
The requisite amount of endosulfan, hydrochloric acid, 
potassium nitrate and surfactant were taken in a cell, which was 
thermostated at 250C. The total volume of the solution was made up to 
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20ml. The inert atmosphere was ensured by purging purified nitrogen 
gas through solution for about 10 minutes. The corresponding 
polarogram were recorded between 0.00 to 1600 mV with pulse 
amplitude of 50 mV and a scan rate of 3 mV s-^  . 
The D.P. and D.C. polarograms of endosulfan in 60% methanol 
containing 0.1 mol dim-^ KNO3 were recorded. The D.C. polarography 
of endosulfan gave a well-defined wave (Fig. 1) and the D.P.P. of the 
same solution gave a reduction peak (Fig. 2). The Ei/a value was 
obtained at -580 mV and the peak potential was obtained at -600 mV, 
The diffusion controlled nature of reduction wave was confirmed by 
studying the effect of height of mercury column (h) on the height of 
reduction wave. A straight line for id vs. hV2 confirmed the diffusion 
controlled behaviour for reduction of endosulfan. The following 
relationship between Ede and id was used for the analysis of dc 
polorogram: 
0.0542 , / 
an„ I,, -
The plot of Ede vs log i/(id • i) gave a straight line with slope 0.0124 
V, and intercept at o.58V (fig.3). The wave appears due to two-electron 
exchange between dme and endosulfan in the reduction process. The 
reduction mechanism for endosulfan pesticide, therefore, involves the 
removal of one chlorine atom followed by the addition of a hydrogen 
atom. The following is the mechanism of successive reduction at dme in 
acidic solution (Scheme 1) 
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The variation in [endosulfan] was studied in the range 1.0 x 10-^  
to 5x10-4 niol dm-^ in 60% methanol containing 0.1 mol dm-3 KNO3 as 
supporting electrolyte. A linar calibration curve was obtained (Fig. 4) 
for ip vs. [endosulfan] with R2 =0.9962. Thus the diffusion current was 
found to be linearly dependent upon the concentration of endosulfan. 
The effect of variation of % alcohol (v/v) at a fixed concentration 
of endosulfan [=4x10"* mol dm-'')] on ip is shown in Fig. 5. The value of 
ip increased with the increase in alcohol. This is may be due to the faster 
diffusion of endosulfan in alcoholic medium with the rise in alcohol 
content the medium becomes lesser viscous. 
The figures 6 shows the effect of varying concentration of criton 
x-100 from Ix 10-^  to 10 x 10-^  mol dm-3 at constant concentration of 
endosulfan [4 x 10-^  mol dm-3], Q.I mol dm-3 KNO3 and 60% methanol 
on peak current. The plot shows that the peak current increases linearly 
with increasing the concentration of criton x -100. 
The figure 7 shows the effect of varying concentration of NaLS 
[IxlO-i - 10x10-* mol dm-3] at fixed concentration of endosulfan [4 x 10"* 
mol dim-3], 0.1 mol dm-3 KNO3 and 60% methanol. It shows that the 
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peak current increases linearly with increasing the concentration of 
NaLS. 
In Fig. 8 the effect the varying concentration of CTAB [1x10-^  -
lOxlO--* mol dnr-^] at fixed concentration of endosulfan [4 x 10"* mol dim-
^ is presented. It shows that the peak current initially increases with 
[CTAB] and thereafter, at [CTAB] = 5 x 10-» mol dm-^ the peak current 
becomes almost constant. 
The increase in ip value at dme may be attributed to either due to 
its adsorption of endosulfan at electrode surface prior to reduction or 
due to decrease in the rate of electron transfer caused by the adsorption 
of the surfactant at dme. 
The reduction behaviour of endosulfan was studied in the pH 
range 2.0-12.0. The concentration of endosulfan (4 x 10-* mole dm-^) was 
kept constant and the pH was adjusted by addition of requisite amount 
of NaOH or HCl solution. Two peaks were found in the presence of 
surfactants; criton x -100, NaLS, and CTAB at higher pH (10-12). At 
higher pH endosulfan hydrolyses to yield endosulfandiol, an 
electroactive substance. The endosulfandiol reduces at dme at more 
negative potential. 
S ^ O OH 
CI 
Cl-
Cl 
CCI; 
CI 
,CH20H 
XH2OH 
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CH2OH 
The peak potential (Ep) values, of endosulfan remain constant 
over whole of the pH range (2-12). The constancy in Ep enaploys that the 
same mechanism of reduction is involved and there is not shift in acid-
base equilibrium before its reduction at dme. The dependence of ip on 
pH is shov^n in Fig.9. The peak current at~ 600 mV decreases at higher 
pH due to hydrolysis of endosulfan into endosufandiol. The appearance 
of second peak at higher pH is due to the reduction of endosulfandiol 
(Fig. 10). 
In the presence of criton x-100 on increasing pH, the peak current 
increases till pH 7.5 and then decreases again owing to the hydrolysis of 
endosulfan at higher pH as presented in Fig. 11. 
In the presence of CTAB, the increase in pH results in the increase 
in peak current and reaches to maxima at pH 4.5 and thereafter ip 
decreases with increase in pH as presented in fig.l2. 
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Table 1: Effect of variation of [endosulfan] 
10^ [endosulfan] (mol dm-3) Current ip (^ A) 
0.8 5.56 
1.0 6.15 
2.0 6.40 
3.0 6.57 
4.0 6.86 
5.0 7.08 
Conditions: methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature =25 °C, scan rate = 3 mV/s 
pulse amplitude= - 50 mV 
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Table 2: Effect of variation % Alcohol 
Alcohol (%) Current D.P.P jp (^ A Current (D.P) ip(nA 
40 1.10 5.65 
50 2.30 5.90 
60 3.09 8.64 
70 3.85 12.65 
80 5.50 14.74 
90 6.86 17.45 
Conditions: [endosulfan] = 4 X 10-^  n\ol dm-3 
[KNO3] = 0.1moldm-3 
tennperature = 25 °C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Table 3: Effect of variation of [criton X-100] 
104 [criton X-100] (mol dm-3) Current ip (^ A) 
1.0 2.95 
2.0 3.12 
3.0 3.25 
4.0 3.44 
5.0 3.98 
Conditions: [endosulfan] = 4 X lO"* mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 25 °C, scan rate = 3 mV/s 
pulse amplitude= - 50 mV 
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Table 4: Effect of variation of [NaLS] 
104 [NaLS] (mol dm-3) Current /p (^ A) 
1.0 2.71 
2.0 2.80 
3.0 2.95 
5.0 3.12 
10.0 3.32 
20.0 3.52 
Conditions: [endosulfan] = 4 X 10-^  mol dm'^ 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 25 °C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
\ 5 . \ 
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Table 5: Effect of variation of [CTAB] 
10" [CTAB] (mol dm-3) Current Xp(nA) 
1.0 3.05 
2.0 3.22 
3.0 3.44 
5.0 3.57 
10.0 3.58 
20.0 3.60 
Conditions: [endosulfan] = 4 X10-^ mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-^ 
temperature = 27 °C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Table 6: Effect of variation pH 
pH Current (1*' peak) (^ A) 
2.0 2.50 
4.5 3.07 
7.5 3.00 
10.0 2.85 
12.0 2.22 
Conditions: [ HCl ] = 5 X10-3 mol dm-3, [NaOH] = 5 X 10-3 mol dm-3 
methanol = 60%, [KNO3] = 0.1 mol dm-3 
temperature = 25 °C, Scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Table 7: Effect of variation of pH on 
in the presence of Criton x-100 
pH Current (1** peak) (^ A) 
2.0 3.09 
4.5 3.22 
7.5 3.15 
10.0 2.48 
12.0 2.16 
Conditions: [endosulfan] = 4 X 10"^  mol dm-^  
[ HCl ] = 5 X 10-3 mol dm-3, [NaOH] = 5 X 10-3 mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 45 °C, Scan rate = 3 mV/s 
pulse amplitude= - 50 mV 
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TableS: Effect of variation of pH in the presence of CTAB 
pH Current (1** peak) (^ A) 
2.0 2.78 
3.0 2.98 
4.5 3.32 
7.5 3.29 
10.0 3.19 
12.0 2.90 
Conditions: [endosulfan] =4X10-^ mol dm-3 
[ HCl ] = 5 X 10-3 mol dm-3, [NaOH] = 5 X 10-3 mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 45 °C, Scan rate = 3 vsN j s 
pulse amplitude= - 50 mV 
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Figure 1. D.C Polarogram of [endosulfan]{mole dm" ) 
Conditions; [endosulfan] = 4 X 10"* mol dm-^  
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 25 °C scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Figure 2 D.P.Polarogram of [endosulfan ](mole dm'^) 
Conditions: [endosulfan] = 4 X lO"'' mol dm--"* 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-^ 
temperature = 25 "C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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E.„ (mV) de 
Figure 3: Variation of Eje vs log[i(ici-i)] 
Conditions: [endosulfan] = 4 X 10-^  niol dni-^ 
methanol = 60%, [KNO3] = 0.1 mol dm-3 
temperature = 25 °C, Scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Figure 4: Effect of variation of [endosulfan] on in 
Conditions: methanol = 60 %, [KNO3 ] = 0.1 mol dm-^ 
temperature =25 °C scan rate = 3 mV/s 
pulse amplitude= - 50 mV 
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Figure 5: Effect of variation of % Alcohol on ip 
Conditions: [endosulfan] = 4 X10"^ mol dm-3 
[KNO3] = 0.1moldm-3 
temperature = 25 °C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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10' [Criton X-100] (mole dm') 
Figure 6: Effect of variation of [Criton X-100] on ip 
Conditions: [endosulfan] = 4 X lO"* mol dnn-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 25 °C, scan rate = 3 m V / S 
pulse amplitude= - 50 mV 
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10'[NaLS](moledm"') 
Figure 7: Effect of variation of [NaLS] on ip 
Conditions: [endosulfan] = 4 X10-^ mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 25 °C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Figure 8: Effect of variation of [CTAB] on ip 
Conditions: [endosulfan] = 4 X10-^ mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 27 °C, scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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pH 
Figure 9: Variation on current with pH at constant [Endosulfan] (mole dm"^) 
Conditions: [ HCI ] = 5 X 10-3 mol dm-3, [NaOH] = 5 X 10-3 mol dm-3 
methanol = 60%, [KNO3] = 0.1 mol dm-3 
temperature = 25 °C, Scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Figure 10 D.P.Polarogram for [endosulfan] (mol dm--^ ) 
Conditions 
[ HCl ] = 5 X 10-3 mol dm-3. [NaOH] = 5 X 10-3 mol dm-3 
methanol = 60%, [KNO3] = 0.1 mol dm-3 
temperature = 25 '^ C, Scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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Figure 11: Variation on current with pH at constant [Criton X-100] (mole 
dm-^ ) 
Conditions: [endosulfan] = 4 X10-^  mol dm-3 
[ HCl ] = 5 X 10-3 mol dm-3, [NaOH] = 5 X 10-3 mol dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 45 °C, Scan rate = 3 mV/s 
pulse amplitude= - 50 mV 
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PH 
Figure 12: Variation on current with pH at constant [CTAB] (mole dm'^ ) 
Conditions: [endosulfan] = 4 X 10"^  mol dm-^  
[ HCl ] = 5 X 10-3 mol dm-3, [NaOH] = 5 X 10-3 ^ Q I dm-3 
methanol = 60 %, [KNO3 ] = 0.1 mol dm-3 
temperature = 45 °C, Scan rate = 3 m V / s 
pulse amplitude= - 50 mV 
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